• TiO2-RGO nanocomposites presented, in all the cases studied, improved photocatalytic properties compared to bare TiO2.
Introduction
Today's advances in nano-science and nanotechnology make possible the use of nanomaterials to develop more cost effective and environmentally acceptable water purification processes [1] [2] [3] [4] [5] [6] .
Among the different methods, photocatalysis is currently presented as a highly promising and efficient one. In this regard, TiO2 is the most investigated material as photocatalyst due its well-known properties such as wide band gap semiconductor, high redox potential, cheapness, non-toxicity and chemical stability. Specially, TiO2 has demonstrated activity for photocatalytic decontamination of waters containing (azo) dyes from textile and cosmetic industries [7] [8] [9] [10] [11] [12] [13] [14] . However, due its low quantum yield and high recombination ability of photo-generated electron-hole pairs it is poorly efficient [15] .
A common method for enhancing the photocatalytic efficiency of TiO2 is to support it on a suitable matrix such as zeolites, silica [16, 17] or carbon-based materials, including activated carbon and carbon nanotubes (CNTs) [18] [19] [20] [21] and, as most recently performed, graphene or graphene oxide (GO) which has emerged as one of the most promising and technologically powerful materials, with multiple potential applications in several fields.
To the well-known properties of graphene (zero band gap semiconductor, high electron mobility [22, 23] , theoretical surface area (2630 m 2 /g) and thermal conductivity), it should be added its surface tunability. The surface properties of graphene can indeed be adjusted by functionalization via chemical species (e.g. carboxyl, hydroxyl, epoxy among other organic groups), which makes graphene a very attractive building block for the preparation of composite materials. Thus, a proper combination of graphene and TiO2 would give rise to nanocomposites exhibiting the properties of the respective building nanoscaled components with eventual synergetic effect allowing high efficiency for specific applications. A fairly large number of preparation methods of nanocomposites obtained from TiO2 and graphene for photocatalytic applications have been reported which include thermal and solvothermal reactions, sol-gel route [24, 25] , hydrolysis, impregnation, liquid phase deposition [26] [27] [28] .
Such nanocomposites are efficient photocatalysts for degradation of organic pollutants in water [20, [29] [30] [31] [32] [33] due to the extended photo responding range, enhanced charge separation and transportation properties compared to either bare TiO2 or other TiO2containing composites. However, it is difficult to establish the influence of the preparation method of the materials since the results were obtained using different experimental setups (e.g., pH, light source, concentration, time, precursor material, solid/liquid ratio…).
In this study, we present the preparation of two series of TiO2 and RGO-containing composites obtained either by simple hydrothermal route or direct sol-gel deposition where, GO content was varied (from 5% to 20%, (w/w)). We particularly studied the influence of the preparation method on the physico-chemical features of the corresponding nanocomposites and on their photocatalytic activity. These prepared composites were indeed employed as photocatalysts to decolorize methylene blue (MB) solution under UV light irradiation. MB dye was selected as modal contaminant for the photo-degradation experiments due to its presence in industries and wastewaters. The influence of both, the preparation method and the RGO content on the photocatalytic activity for MB degradation is reported.
Experimental section

Materials
Nature flake graphite (carbon content: 99.8 %, -325 mesh) and KMnO4 (98%) were purchased from Alfa Aesar. H2O2 (30%), H2SO4 (98%), NaNO3 (analytical grade), HNO3 (70%), titanium (IV) butoxide (Ti(OC4H9)4, 97%) and methylene blue were purchased from SigmaAldrich and used without further purification. Deionized (DI) water was used throughout the experiments.
Preparation of the catalysts
Preparation of graphene oxide
Graphene oxide (GO) was synthesized from graphite powder by a slightly modified
Hummer's method [34] . In a typical synthesis, 5 g of graphite powder and 2.5 g of NaNO3 were added to 115 mL of concentrated H2SO4. The temperature of the mixture was kept below 20 °C by means of an ice bath and then 15 g of KMnO4 was slowly added into the suspension. After 30 min, the temperature was increased to 35 °C and the mixture was kept for another 30 min after which 230 mL of DI water was added. Then, the temperature was increased to 90 ºC and the reaction was maintained for 1 h. The resulted suspension was further diluted with addition of 350 mL of H2O and treated with 15 mL of 30 weight % (wt.%) H2O2 solution. The mixture was then cooled down to room temperature and repeatedly centrifuged and washed, first with a 5 wt.% HCl solution, second with H2O until pH ≈ 5 and finally with acetone to displace excess of water. The resulted solid was dried at 40 ºC for 72 h.
Preparation of TiO2 nanoparticles
TiO2 nanoparticles were prepared by sol-gel method as reported elsewhere [35] . In brief, 20 g of titanium (IV) butoxide (Ti(OC4H9)4) were first dissolved in 80 mL of ethanol at room temperature. Subsequently, 200 mL of a 0.025 M HNO3 solution were added drop wise under vigorous stirring. The mixture was then stirred for 24 h at room temperature allowing hydrolysis of Ti(OC4H9)4 to occur. The solid was then, separated and washed with deionized water and finally dried at 105 °C overnight. The dried solid was calcined at 500 °C under air for 3 h.
Preparation of T/G nanocomposites by sol-gel
T/G composites were prepared by a modified sol-gel method. First, the appropriate amount of GO was dispersed in deionized water with mechanical stirring for 1 h followed by ultrasonication for 1 h more. The pH of the dispersion was adjusted to 1. wt.%. The obtained solutions were transferred into a 100 mL Teflon-sealed autoclave and maintained at 120 °C for 5 h. Finally, the resulting products were filtered and washed with deionized water and ethanol, then dried at 60 °C for 15 h and thermally treated under flowing argon (50 mL•min -1 ) at 500°C for 5h with a ramp of 2°C/min. The different composite materials were denoted as: T/G-5, T/G-10, and T/G-20.
Preparation of T/GS samples by hydrothermal route
T/GS composites with GO content (1, 5, 10 and 20 wt.%) were obtained via hydrothermal method as reported elsewhere [36] with slight modifications. Briefly, different amounts of GO were dispersed in deionized H2O (50 mL) by mechanical stirring (1h) followed by ultrasonication for 1 h, and then adjusted to ca. pH = 1.5 with a 0.025 M HNO3 solution. Then 1 g of TiO2 (prepared as abovementioned) was added to the obtained GO solution and stirred for 2 h followed by 2 h of ultrasonication to get a homogeneous suspension. The suspension was then placed in a 100 mL Teflon-sealed autoclave and maintained at 120 ºC for 5 h to simultaneously achieve the reduction of GO and the deposition of TiO2 on the carbon substrate. Finally, the resulting composite was recovered by filtration, rinsed with deionized water and ethanol, and dried at 60 ºC for 15 h. The resulting T/GS composites were thermally treated under identical conditions than T/G composites. The different samples were denoted as, T/GS-5, T/GS-10, and T/GS-20. RGO was prepared by the same method without adding TiO2.
Characterization
The textural properties of all the synthesized samples were measured by N2physisorption at -196 ºC using a Quadrasorb SI surface analyzer. All the samples were degassed in vacuum at 150 ºC for 15 h prior to analysis. The specific surface area was determined using the Brunauer-Emmet-Teller (BET) method from the range P/P0 = 0.05-0.35 in the adsorption branch, while pore size distribution was calculated using the Barrett-JoynerHalenda (BJH) method applied to the desorption branch. The crystallographic phases were characterized by X-ray diffraction with a Siemens D5000 diffractometer with a Bragg-Brentano-geometry and vertical 2-theta goniometer and operated at 80 kV using Cu Kα radiation. Diffractograms were in a 2 theta range from 5° to 70° with an angular step of 0.03° at 5 s per step. The samples were dispersed on a Si(510) low background sample holder.
Crystallite size and crystalline phase contents were calculated by means of the program TOPAS working under the programming mode (launch mode) with local routines. The crystallite sizes estimated for all phases were calculated using the integral breadth method.
Using integral breadth instead of FWHM to calculate the crystallite size may reduce the effect of crystallite size distribution on the Scherrer constant K and therefore the crystallite size analysis is more accurate. The structural features of selected TiO2-RGO nanocomposites were also studied with X-ray photoelectron spectroscopy (XPS) on a SPECS system equipped with an Al anode XR50 source operating at 150 mW and a Phoibos 150 MCD-9 detector. The pressure in the analysis chamber was always below 10 -7 Pa. The area analyzed was approximately 2 mm × 2 mm. The pass energy of the hemispherical analyzer was set at 25 eV and the energy step was set at 0.1 eV. Data processing was performed with the Casa XPS program (Casa Software Ltd., UK).
Binding energy (BE) values were centered using the C 1s peak at 284.8 eV. The atomic fractions (%) were calculated using peak areas normalized based on acquisition parameters after background subtraction, experimental sensitivity factors and transmission factors provided by the manufacturer.
Diffuse reflectance UV-VIS spectra (DRS UV-Vis) of pressed powder sample diluted with
KBr were recorded on a Shimadzu (UV-3600 spectrophotometer with a Harrick Praying
Mantis accessory) and determined by Kubelka-Munk while the band gap E (eV) was calculated by:
Where h is blank constant = 6.626 x 10 -34 J•s, c: speed of light = 3·10 8 m·s -1 , and λ: cut off wavelength (nm).
EDX was performed on the samples in ESEM using a FEI Quanta 600 microscope equipped with energy dispersive X-ray microanalysis from Oxford Instruments operating at high vacuum with an accelerating voltage of 20 kV and a working distance of 6.6 mm.
Photocatalytic tests
The photocatalytic tests were carried out at room temperature using a cylindrical shape reactor of 200 mL opened at the air equipped with an ultraviolet lamp with 365 nm and 24 W. The lamp was placed 20 mm beside the liquid surface. MB was chosen as the model molecule for the photodegradation experiments due to its huge presence in industries and wastewaters. In a typical procedure, 100 mg of catalyst were dispersed in 200 mL of MB solution with the starting concentration of 10 ppm at the natural pH of MB solution (pH = 6.2). Prior to UV irradiation, the suspension was stirred for 1 h in dark conditions, in order to establish the adsorption-desorption equilibrium. To follow the photocatalytic degradation of MB, 2 mL of suspension were withdrawn periodically and immediately filtered to separate the catalyst from the solution and analyzed using UV-Vis spectrophotometer (Shimadzu, UV-1700) by measuring the absorbance at (664 nm). All the experiments were performed by triplicate.
Results and discussion
BET surface area
Nitrogen adsorption/desorption measurements were performed to determine the specific surface area of the prepared nanocomposites and the results were analyzed by BET method.
The N2 adsorption/desorption isotherms for all the prepared composites are shown in Fig.1 and textural data are given in Table 1 .
The isotherm shapes of the different composites, as well as that of bare TiO2 correspond to mesoporous materials, whereas RGO isotherm suggests the presence of both micro and mesoporosity (Fig. 1A) . The BET surface area of T/G samples was significantly larger than that of the T/GS ones in the whole range of RGO contents. In addition, surface area, pore volume and average pore diameter go through a maximum value at GO content of 10 wt.% in T/G series (Fig 1B and 1C) , whereas they increase continuously and then reach the maximum at 20 wt.% of GO loading for T/GS series. This is in agreement with the evolution of crystallite size found by PXRD in both series of samples. Besides, the average pore diameter is lower in both series of composites than in the bare TiO2 component.
X-ray diffraction
The PXRD patterns of the prepared nanocomposites are shown in Fig. 2 . All samples reveal peaks that can be assigned toTiO2 in the anatase form in the case of T/G nanocomposites ( Fig.2A) . Whereas, small diffraction peaks at 2 theta angles 27.3°, 36.1° and 41.2°corresponding to planes (110), (101) and (111) respectively, indexed to rutile structure could also be observed in the case of T/GS composites(prepared by hydrothermal route), as well as in the bare TiO2prepared by sol-gel method (Fig. 1B) . These results suggest that rutile phase formation is inhibited when TiO2 is formed by sol-gel method in the presence of GO during the synthesis of the T/G nanocomposites.
As could be expected, intensity of TiO2 peaks decreases with the increasing RGO content in the hybrid materials. In addition, the width of the TiO2 peaks in T/G nanocomposites (prepared via sol-gel method) greatly increases, on one hand, compared to bare TiO2 and, on the other hand, with the RGO content, in contrast to T/GS nanocomposites prepared by hydrothermal route which resulted more crystalline. Thus, the average crystallite sizes for T/G composites were about 9 nm, lower than those found for T/GS composites (in the range3040nm). Remarkably, in the case of T/GS-10 composite, the rutile diffraction peaks become more intense, changing the anatase: rutile ratio found in the TiO2 bare precursor, while the other samples of this series maintained this anatase: rutile ratio ( Fig. 2 and Table   1 ).The behavior of T/GS-10 may be explained as formation and growth of rutile crystals during hydrothermal aging (in acidic medium), which proceeded at the expenses of anatase crystals, possibly via a dissolution-precipitation mechanism [37] or by condensation of the anatase nanoparticles where, during the growth of small anatase particles by ripening, a join of their (112) facets is produced. However, this explanation does not account for the different behavior observed in the rest of samples of this series (T/GS-5, and T/GS-20) and, to this moment, we do not have a clear explanation for this feature. As previously pointed out, the crystallinities are well correlated to the specific surface areas in both series of nanocomposites. Moreover, it is noticeable that both rutile and anatase phases are present in the highly crystallized T/GS samples exhibiting the lower specific surface areas, while only anatase phase is present in the T/G series with higher specific surface areas.
Neither the characteristic peaks of GO nor of reduced graphene oxide were found in any of the composite XRD patterns, which demonstrate the reduction of GO during hydrothermal treatment produced by the loss of its oxidation debris. The results demonstrate a clear influence of the preparation method and of the TiO2/RGO weight ratio on the structural features of the prepared nanocomposites.
Raman measurement
Raman spectra (λ=514 nm) of samples T/GS-10 (prepared via hydrothermal route) and T/G10
(prepared by sol-gel method) as representative ones are shown in Fig. 3 . Five points were measured in each sample to identify any heterogeneity of the nanocomposite material. All the prepared samples presented two characteristic bands at ca. 1350 cm -1 (D band) and 1604 cm -1 (G band) typically assigned to structural defects and to the first order scattering of the E2g mode observed for sp2 carbon domains, respectively [38, 39] . Thus, the intensity ratio ID/IG of the D and G bands is a measure widely used to quantify disorder and defect quantity in graphitic materials. The intensity ratio ID/IG (0.88 and 0.94) for T/G-10 and T/GS-10 nanocomposites resulted larger than that of GO (ID/IG =0.83) indicating an increase of graphene structural disorder upon TiO2 incorporation and RGO reduction (Table S1 ). Bands corresponding to anatase phase are present in TiO2 at around 142 (Eg(1)), 397 (B1g(1)), 637
(Eg(3)), and 516 (A1g + B1g(2)), as well as in the T/GS-10 and T/G-10 nanocomposites, which
indicates that TiO2 nanoparticles in the composites presented a certain long-range order crystallinity. As expected, the relative intensity of the anatase bands decreased in the TiO2/RGO nanocomposites compared to bulk TiO2. However, the bands intensity appeared much less intense in sample T/G-10 (prepared by sol-gel) in comparison with sample T/GS10
(prepared via hydrothermal route) despite their similar RGO content, ca. 12 and 9 wt.%, respectively (Table 1) . Besides, the most intense Raman mode of as-synthesized TiO2 at 142 cm -1 (Eg(1)) blue shifted in the synthesized T/G-10 and T/GS-10 nanocomposites by about 38 cm -1 , as detailed in Table 2 . This shift of the Eg Raman mode and the increasing peak width has been attributed to a smaller particle size in sample T/G-10 as could be confirmed by TEM and HRTEM analysis.
TEM and HRTEM analysis
The prepared nanocomposites and TiO2 nanoparticles were studied by both TEM and HRTEM analysis. Fig. 4 shows a general view of samples T/G-10 and T/GS-10. The TiO2 particles are easily identified due to the higher electron contrast. The samples T/G-10 presents well dispersed TiO2 nanoparticles on the RGO surface, while sample T/GS-10 presents a more heterogeneous structure with larger and agglomerated TiO2 particles. Fig. 5 displays the structural characteristics of the samples studies by HRTEM. Fig. 5A and B show lattice fringe image along with Fourier Transform (FT) images of selected area. In T/G-10 (Fig. 5A) , a single crystallite of anatase is embedded in graphene oxide. The anatase crystallite is identified by the spots at 2.43 Å and 2.38 Å in the FT image which correspond to the (103) and (004) On the other hand, sample T/GS-10 (prepared by hydrothermal route) is constituted by TiO2 particles considerably larger than in previous sample T/G-10. These TiO2 particles show welldefined crystallographic facets, then present high crystallinity with sizes of about 30-50 nm compared to ~20 nm for T/G-10, as shown in Fig. 4B and D. Moreover, the dispersion of TiO2 over graphene oxide is lower with less intimate contact between these two components in T/GS-10 than in sample T/G-10 (prepared by direct sol-gel method). TEM micrographies of both series of samples with increasing RGO content followed the same trend, with small TiO2 nanoparticles dispersed on the RGO surface in case of T/G series and larger TiO2 particles with a more heterogeneous distribution in case of T/GS series. These (HR) TEM results further prove that the preparation method affects significantly the structure of the nanocomposites, as has been previously found by PXRD, Raman and N2 adsorptiondesorption measurements.
XPS analysis
XPS of the TiO2-RGO samples presented the typical peaks of C1s (of RGO), Ti2p (of TiO2) and O1s of both GO and TiO2.Notably, the surface C/Ti value was particularly high taking into account the low carbon content in the bulk observed by TGA and EDX, indicating a very high RGO dispersion. Further, the surface C/Ti ratio was slightly higher in sample T/G-10 than in T/GS-10, suggesting that TiO2 nanoparticles in the former allowed a better dispersion of the RGO sheets on the TiO2 matrix. The spectra in the C1s XPS region were different between samples prepared by sol-gel method and the hydrothermal route. Thereby, graphene oxide appeared clearly more reduced in sample T/G-10 than in T/GS-10 as seen from the contributions of bands at higher binding energies, more intense in sample T/GS-10 ( Fig. 6A and B). This clearly indicates that the surface characteristics of both samples are different, that is, that the preparation method induces differences in the surfaces of the final materials.
Similarly, the O1s XPS spectra also showed differences between samples T/G-10 and T/GS10
( Fig. 6C and D) . In sample T/G-10, the O1s spectra showed two intense bands. The one at lower binding energy (at about 530 eV) is ascribed to lattice oxygen in TiO2, whereas the band at higher binding energy, ca. 532.5 eV, is ascribed to surface oxygen groups, such as hydroxyl. In contrast, the band at higher binding energy in the O1s spectra of sample T/GS-10 is very weak compared to the lattice oxygen band. Moreover, this band presented a shift of ca.
+0.3 eV in sample T/G-10 compared to T/GS-10, suggesting a different oxygen environment.
Although no direct evidence of bond between TiO2 and RGO was found, HRTEM revealed that samples prepared by sol-gel (in this case T/G-10) consisted of a strongly intermixed material with evident order between both components. Hence, this shift could be tentatively attributed to the interaction between surface GO's oxygens and TiO2 during hydrolysis and condensation, where oxygens belonging to GO would have contributed to the growth and nucleation of the TiO2 nanoparticles.
Zhang et al. [20] reported that connection between TiO2 and graphene can be assessed by studying by FTIR the adsorption band below 1000 cm -1 corresponding to the different Ti-OTi bonds. They observed a shift to higher wavenumbers in the TiO2 band upon the incorporation of graphene, which they attributed to a combination of Ti-O and Ti-C bonds. Similarly to Zhang et al., T/G-10 and T/GS-10 nanocomposites presented a shift of the FTIR bands toward higher wavenumbers compared to bare TiO2; however, more notable was the broadening suffered by these bands upon the addition of RGO and the resolution of new bands between 600 and 400 cm -1 (Fig. S2) . This fact suggests an interaction between TiO2 and RGO in the nanocomposite through the formation of Ti-C/Ti-O-C bonds.
Solid state UV-Vis absorbance
The determination of band gap of bare TiO2, T/G (sol-gel method) and T/GS (hydrothermal route) materials series was performed by DRS UV-Vis absorption (Fig. S2) . As an example, spectra of TiO2, T/G-10 and T/GS-10 materials are shown in Figure 7 , where a significant redshift in the maximum adsorption edge (from 355 nm to 378 nm) is observed upon the addition of RGO leading to small energy band gap narrowing. The obtained results were converted and assuming indirect transition to obtain the band gap values: 3.26 eV for prepared TiO2 nanoparticles shifting to 3.10 eV when mixed with RGO in the composites.
This band gap reduction is known to be produced by interaction between C and Ti atoms which reduces the recombination of photo-generated electron-hole pairs [15] .
Photocatalytic test
The photocatalytic performance of T/G and T/GS nanocomposites was measured by degradation of MB as model contaminant under UV light irradiation (365 nm). Adsorption of MB in dark conditions was performed during 60 min before photocatalysis.
The samples of TG series reached higher adsorption capacity than the samples of T/GS series with maximum adsorptions of 43% and 35%, respectively (Table 2) , essentially due to higher porosity and specific surface area presented by T/G samples (Table 1) . Moreover, adsorption increased with the increasing RGO content, as could be expected. After dark test, the MB was submitted to UV radiation up to 240 min for photo-degradation studies (Fig. 8(A) and 8(B) ).
Bare TiO2 showed less activity than the nanocomposites, because of the well-known rapid recombination effect of photo-generated electron-hole pairs [41] . The incorporation of RGO in TiO2 allowed an enhancement in photocatalytic degradation compared to bare TiO2 mainly due to the lower recombination rate of photo-generated electrons and holes in the nanocomposites. Moreover, adsorption of MB on the reduced graphene oxide also resulted beneficial to the photocatalytic activity [42] .
The efficiency of the photocatalysts was observed being dependent on the TiO2/RGO ratio, with an optimal RGO loading of ca. 10 wt.% in both series of photocatalysts (T/G-10 and T/GS-10) with 93% and 82% of MB removal, respectively (Table 2 ). Higher RGO loadings in the nanocomposites resulted in a marked decrease in the MB removal. Despite higher RGO loadings favor MB adsorption; the decrease in the MB removal at higher RGO contents may account for a lower access of the photoactive TiO2 sites. Furthermore, the degradation of MB was greater over the T/G series of photocatalysts (i.e, prepared by sol-gel) than on the T/GS photocatalysts (prepared via hydrothermal route) showing that the different surface and structural features of both series of nanocomposites, due to the different preparation route, have a great effect on their photocatalytic activity. Hence, the higher surface area of T/G photocatalysts which improved MB adsorption on their surface, thus favoring photodegradation; the smaller particle size and enhanced dispersion of the TiO2 nanoparticles;
as well as the RGO-TiO2 peculiar interaction account for the greater photodegradation observed in the T/G series.
The photocatalytic degradation with the other results from the literature is compared in Table   S6 [ min [43] . However, the photocatalytic activity of Ag-CNT/TiO2 catalysts for degradation of acid orange 7 under visible light was C/C0 = 0.25 after 1 h [44] . The T/G-10 and T/GS-10 samples showed degradations of C/C0 = 0.18 and 0.07 after 3 h which are comparable (and better in some cases) with other reported materials based on TiO2/RGO.
Catalysts CNT/P-TiO2 prepared by hydrothermal method for methyl orange degradation under visible UV light (250W, 420 nm) presented total degradation [21] . However, catalysts TiO2/CB [45] and CNT/Fe-Ni/TiO2 [46] presented degradations of C/C0 = 0.12 (MO) and 0.10 (MB), respectively.
From literature, it is noticeable that photodegradation is dependent on the type of material, dye and conditions used (i.e., irradiation source, concentrations, etc). However, the results reported up to date, presented degradation values comparable to those found for our synthesized materials T/G-10 and T/GS-10, prepared via simple methods and without the addition of noble metals. Thus, these samples could be promising in the photocatalysis field. The influence of the initial MB concentration on the photocatalytic removal rate was studied following the Langmuir-Hinshelwood model (eq. 2) and reducing the expression to a firstorder kinetic expressed by the equation 3.
Where Kap (min -1 ) is the apparent rate constant of the first-order reaction, C is the concentration of MB at a reaction time (t) and C0 is the equilibrium concentration of MB after adsorption in dark conditions. The kinetic plots for photocatalytic removal of MB are presented in SI in Fig. S7 . Table 2 shows the photodegradation evolved for all the nanocomposites, where T/G-10 and T/GS-10 present the highest rates of MB removal, that of the former being more than two times that of the later (1.12·10 -2 and 4.78·10 -3 min -1 , respectively). Indeed, despite the similar RGO content in both T/G-10 and T/GS-10 photocatalysts, T/G-10 showed superior performance in all the tests performed. This fact clearly highlights that the synthesis route followed for the preparation of the TiO2-RGO nanocomposites have an important role on their surface properties, which ultimately will mirror on their photocatalytic activity.
Conclusions
The comparison of groups of nanocomposites prepared by following two different sol-gel and hydrothermal routes demonstrated that other parameters than the composition should be considered to account for the photocatalytic performances. In this work, we showed that TiO2-RGO nanocomposites presented, in all the cases studied, improved photocatalytic properties compared to bare TiO2. An optimal composition, in terms of TiO2/RGO ratio was found in both series of nanocomposites; however, superior activity was found for those prepared by direct sol-gel route.
The physico-chemical characterizations of the prepared nanocomposites, revealed the different properties of both series of samples due to their preparation protocol. Thus, it was observed that nanocomposites prepared by sol-gel method presented improved textural properties than those prepared following a hydrothermal route. The preparation route also affected the structure of the nanocomposite. The sol-gel method has a clear influence not only on the mean particles size which is by far lower, but also inhibits the formation of rutile cophase. On the other hand, TEM and HRTEM microscopies revealed that the TiO2 nanocrystals were more homogenously deposited on RGO in T/G samples prepared by sol-gel method. The differences of structural and textural properties of both series of samples influence their catalytic activity which is more than twofold enhanced in case of T/G series obtained by sol-gel method, especially in T/G-10 nanocomposites, compared to its analogous T/GS-10 sample obtained by hydrothermal route, both samples prepared with GO content of 10 wt.%. The T/G nanocomposites in particular also presented great adsorptivity of MB, highly important for an efficient photocatalytic activity.
The improved photocatalytic activity in the T/G series of nanocomposites can be attributed to a closer contact between TiO2 nanoparticles and RGO, their better dispersion and homogeneous distribution and the enhanced textural properties which certainly influence on their adsorptive properties and photoresponse range.
In summary, we have proved that optimization in the preparation of hybrid photocatalysts is needed to obtain materials with finer properties for effective application in environmental issues. 
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